INTRODUCTION
the early Holocene optimum, now identified in various parts of Asia (Gasse et al., 1991; Pachur et al., 1995) , and the subsequent, drier period.
There are three main terrace levels at the site: T0 is the active flood plain, T1′ is the terrace last abandoned by the stream, T1 is a first strath terrace ~1.70 m above the stream bed, and T2 is a second strath terrace, ~2.5 m above T1 (Fig. 3B ). T3 is the highest level, corresponding to the ancient fan surface, about 5.5 m above T2, and is incised by small gullies or rills. Although T1 is now clearly abandoned by the stream, its western riser south of the fault trace is not well defined, and its surface occupied by a wet, marshy area (dark region on SPOT image, Fig. 3A ). All of the terrace surfaces are paved with relatively small, well-rounded and sorted pebbles and cobbles (Fig. 2) . Both of the principal risers (T2/T1 and T3/T2) are offset by the fault (Fig. 3) . Our measurements of the riser offsets (with a tape in the field, corroborated by air photo and SPOT image interpretation), are 24 ± 3 m and 33 ± 4 m, respectively. A sagpond on T2, and a pressure ridge on T3 (Fig. 2 ) make more accurate measurement difficult. The particularly large sags and pressure ridges on T3 (Fig. 3A) imply cumulative ground deformation by great earthquakes. On T2, such features are smaller and smoother, and there are no clear mole tracks on T1 (Fig. 3, A and B) .
SAMPLING AND COSMOGENIC DATING
Samples weighing 30-300 g (most commonlỹ 100 g), lying on the surface or sometimes partially embedded in it, were collected on T1, T2, and T3 along two traverses parallel to the fault (Fig. 3B) . We processed 29 samples for 10 Be and 26 Al cosmic ray exposure dating (cf. Lal, 1991) ; 13 on T1, 10 on T2, and 6 on T3. Quartz was separated and purified using the methods described by Kohl and Nishiizumi (1992) , and the ratios of cosmogenic 26 Al and 10 Be to stable isotopes were determined by accelerator mass spectrometry (AMS) at the Lawrence Livermore National Laboratory (LLNL)-AMS facility. The cosmo-genic production rates used here are those of Nishiizumi (1989) , corrected for altitude and latitude (Lal, 1991) . Model ages are calculated assuming zero erosion (Table 1) .
The large majority of the 26 Al and 10 Be model ages are concordant (within 10%) with simple exposure histories and negligible erosion. Samples younger than 500 yr (from the youngest population on the lower terrace, T1) show greater discordance, however, due to larger relative errors on the age associated with low cosmogenic nuclide abundance (~2 × 10 4 atoms · g -1 ). Given the otherwise good agreement between the 26 Al and 10 Be ages, we will use the mean Al-Be age in the following discussion (except for sample KL3D(d)), for which low ion currents and small sample size prevented the determination of an 26 Al age). The ages obtained for each terrace are similar whether the sample is upstream or downstream of the fault. Hence, for each terrace we group the sample populations from both sides of the fault (Fig. 3C) .
T1 is the only terrace displaying a clear bimodal distribution of ages. The youngest samples have ages ranging from ~200 to ~500 yr (mean = 278 ± 87 yr). We interpret these samples to reflect the occurrence of a single, recent depositional event, probably a centennial flash flood that invaded and washed part of T1, redepositing material from the flood plain onto its surface and eroding earthquake mole tracks. We infer the ages of four samples on the eastern half of that terrace (1778 ± 388 yr; Fig. 3C ) to reflect the time at which its surface ceased to be the permanent flood plain of the river. That these older ages are retrieved on the eastern side of the terrace indicates that this flash flood did not rework the entire surface of T1, particularly near its outer riser, and hence did not modify the offset of the T1/T2 riser.
Most sample ages on each terrace show no overlap with those on others (Table 1) , and tend to cluster about distinct, mean values (1778 ± 388 yr, 2914 ± 471 yr and 5106 ± 290 yr) that increase with elevation. Four samples, however, are much older than all the others. One, on T1, is >4 k.y. older than 1778 yr. Two, on T2, are >4 and >8.5 k.y. older than 2914 yr, and the oldest, on T3, is >17 k.y. older than 5106 yr. These samples probably represent reworked material from older deposits upstream. The westward decrease and dispersion of ages within each terrace sample set may indicate that their surfaces continued to evolve as westward terrace abandonment progressed, with diachronic mixing in the upper several tens of centimeters near the surface.
The younger samples found on terrace T1 (278 ± 87 yr) place an upper limit on inherited cosmogenic nuclide concentration and indicate that both bedrock exhumation and fluvial transport must have been rapid. For instance, in the steady-state erosion approximation, an inherited component equivalent to 500 yr of surface exposure implies a bedrock exhumation on the order of 1 mm/yr. Similarly, rapid fluvial transport is consistent with the relatively steep, small catchment and short distance between the range crest and the sampled terrace surfaces (≤ 10 km, and an average slope gradient of ~4°).
Strath terrace risers are constantly rejuvenated by river flow along their base. Consequently, only when the terrace level at the base of a riser is abandoned can this riser begin to act as a passive marker and record displacement by a fault. We relate the offsets of the T3/T2 and T2/T1 risers to the mean ages of T2 and T1, respectively. The Kunlun fault would therefore have offset the T3/T2 riser by 33 ± 4 m in 2914 ± 471 yr, and the T2/T1 riser by 24 ± 3 m in 1778 ± 388 yr. Both offsets yield fairly consistent slip rates (11.3 ± 3.2 and 13.5 ± 4.6 mm/yr) that constrain the late Holocene left-slip rate along the fault in east Xidatan, calculated as the weighted mean of both slip rates to be 12.1 ± 2.6 mm/yr (Fig. 4) .
If 1778 and 2914 yr were the ages of large flash floods that resurfaced T1 and T2 without reshaping the T2/T1 and T3/T2 risers, the youngest pebbles on T3 and T2 might be used to estimate upper age limits for the T3/T2 and T2/T1 risers. Such ages, 4852 ± 702 and 2414 ± 375 yr, would yield minimum slip rates of 9.9 ± 2.8 and 6.8 ± 1.8 mm/yr, respectively. The unimodal distribution of surface ages on T2, however, makes this interpretation unlikely.
DISCUSSION AND IMPLICATIONS: SEISMIC BEHAVIOR OF THE KUNLUN FAULT AND REGIONAL CLIMATE CHANGE
The slip rate derived here is consistent with those inferred in other studies. Zhao (1996) in particular, documented 10 offsets of gullies and terrace risers in Xidatan, ranging from 10 to 152 m, and retrieved seven thermoluminescence or 14 C ages, ranging from 2.14 ka to 12.0 ka, with uncertainties of 6%-9%. From this, they derived a Holocene slip rate of about 11.5 mm/yr, but without error estimates on the offsets, the uncertainty on that rate cannot be assessed. The long-term Pleistocene average rate estimated by Kidd and Molnar (1988; 10-20 mm/yr), loosely brackets both our and Zhao's (1996) values. In a strict sense, however, it cannot be simply compared 696 GEOLOGY, August 1998 with either, because it is deduced from the separation of lower-Pleistocene moraines south and east of the Kunlun Pass from a presumed source in the mountains to the west. To the large uncertainty in the age of the lake beds that overlie the moraine (2.8-1.5 Ma), one should add ~30% error on the offset, due to poor definition of the eastern piercing point (Kidd and Molnar, 1988, Fig. 6 ). The fast 12.1 mm/yr late Holocene rate we obtain confirms that slip on the Kunlun fault takes up a large fraction of the eastward component of motion of Tibet relative to the Gobi at 94.5°E (e.g., Peltzer and Saucier, 1996) . When combined with evidence at adjacent sites, the temporal evolution of the terrace surfaces, and the offsets of their risers, shed light on the seismic behavior of the Kunlun fault across Xidatan. The very large mole tracks on the high terraces and their absence on the low terraces require the occurrence of rare, great earthquakes. At six sites, our tape measurements yielded minimum offsets of 9 to 12 m, compatible with that (10 m) found by Kidd and Molnar (1988) and Zhao (1996) . At eight sites, we found cumulative offsets two or three times 9, 11, and 12 m. The cumulative offsets here imply that two M ~8 earthquakes having individual displacements of 11-12 m might have offset the T2/T1 riser in the past ~1800 yr, and three such earthquakes might be responsible for the offset of the T3/T2 riser in the past 2900 yr. In keeping with this interpretation, one rill channel offset of about 50 m, and the particularly large pressure ridges and sag ponds on top of T3 (Figs. 2 and 3) , might be the cumulative result of about five great earthquakes in the past 5100 yr (Fig. 3B) . Results from trenching elsewhere in Xidatan (Zhao, 1996) are compatible with the occurrence of 4 earthquakes in the last 4000 yr. Clearly, the last event took place prior to the flash flood on T1 278 ± 87 yr ago. Overall, the quantitative evidence suggests the occurrence of great, characteristic earthquakes with a recurrence interval of ~800-1000 yr.
The ages obtained improve our understanding of the relationship between terrace deposition and incision and climatic change (e.g. Gaudemer et al., 1995) . The oldest pebble found (KL4U[1], 22.8 k.y.) probably originated in the last glacial maximum moraine upstream from the site. The other sample ages, including the outliers (from 11 515 ± 1727 yr onward), are younger than the postglacial warming at 14.5 ka, with most ages between 6719 ± 1022 and 1452 ± 237 yr. This is compatible with evidence from pollen in cores of the Dunde Ice Cap, ~300 km to the northeast, which indicates that the summer monsoon extended into northeast Tibet during the first half of the Holocene (Liu et al., 1998) , and that the subsequent climate was more arid with intervening humid periods (e.g. Gasse et al., 1991) . Terrace emplacement and incision in Xidatan were thus coeval with a period of fluctuating precipitation. That landform evolution in the area was modulated by climate variability contradicts the GEOLOGY, August 1998 697 view that the imprint of climate change on geomorphology cannot be used to infer ages of chief elements of the landscape in the field or on SPOT images, and hence the order of magnitude of slip rates on active faults (e.g. Ritz et al., 1995) . 
